Background: A fundamental issue in elderly care is targeting those older people at risk and in need of care interventions. Frailty is widely used to capture variations in health risks but there is no general consensus on the conceptualization of frailty. Indeed, there is considerable heterogeneity in the group of older people characterized as frail. This research identifies frailty profiles based on the physical, psychological, social and cognitive domains of functioning and the severity of the problems within these domains. Methods: This research was a secondary data-analysis of older persons derived from The Older Person and Informal Caregiver Minimum Dataset. Selected respondents were 60 years and older (n = 43,704; 59.6% female). The following variables were included: self-reported health, cognitive functioning, social functioning, mental health, morbidity status, and functional limitations. Using latent class analysis, the population was divided in subpopulations that were subsequently discussed in a focus group with older people for further validation.
Background
Population ageing and care for older people pose major challenges for health care systems globally. The number of older persons is increasing rapidly; the number of people aged 60 years or over will increase by 56% between 2015 and 2030 and the population over 80 years of age (oldest-old) will increase even faster [1] . There is wide variety within this increasing population; older people experience their health considerably differently [2] and their needs differ as well [3] . Consequently, a fundamental issue in elderly care is targeting those older people at risk and in need of care interventions. The question remains: which intervention works best for whom? Traditionally, chronological age was used as a marker for targeted care. However, age is not specific enough because the ageing process varies substantially between individuals [4] .
Consequently, the notion of frailty was introduced to better target older people in need of care interventions [5, 6] , because frailty better captures variations in health risks than chronological age [7] . Frailty is a complex condition involving the interaction of multiple problems in different domains of functioning [7] . Frail people are at risk for adverse outcomes such as falls, functional decline, hospitalization, institutionalization and mortality [8] [9] [10] . Yet, despite agreeing on the complexity of frailty and its relation to adverse outcomes, health care professionals, policy makers and researchers have not achieved consensus on the conceptualization of frailty [11] . Frailty has become a buzzword [12] and considerable heterogeneity exists within the group of older people labelled frail.
To elucidate the heterogeneity within the frail population, researchers have explored the physical, psychological and social domains of frailty. Frailty has been related to the physical domain of functioning with characteristics such as unintentional weight loss or exhaustion [8] . Other researchers have conceptualized frailty from a broader perspective which also includes the psycho-social domains [5, 9, 13] . Important in the daily functioning of older people, these domains are characterized by memory loss, and feelings of anxiety or loneliness. Still, the distinction between the separate domains does not demonstrate the full complexity of frailty. The domains might influence or reinforce each other and thus it remains unclear which specific combinations lead to adverse outcomes [9, 14] . Frailty has been conceptualized as an accumulation of deficits in these domains and a frailty index can be calculated by dividing the number of deficits a person has by the maximum number of deficits [15, 16] . Also, to identify older people in need of interventions, frailty measurement instruments are used that sum the number of health problems and do not differentiate between the underlying problems [17] .
Further specification of frailty by defining profiles of frail older people contributes to the ongoing debate on the conceptualization of frailty and could improve interventions. To date, the heterogeneity in the frail population is not fully acknowledged in care interventions and populations substantially differ between and within interventions [18] . Profiling, or distinguishing subpopulations, is common in other disciplines such as social sciences, economics and medical sciences [14] . Recently, subpopulations have also been used in studies of the older population. However, this research focused specifically on chronic conditions [19] [20] [21] , general health status [14, 22] and physical frailty [23] . These studies did not include the psychological and social domains [14, 19, 22] whereas researchers have emphasized that frailty also involves both these domains of functioning [5, 9, 13] .
Therefore, the aim of this study is to identify frailty profiles, constructed on the basis of not only functional limitations, multi-morbidity and self-reported health, but also mental, cognitive and social functioning. Our research expands current knowledge in creating a frailty taxonomy which includes the full range of domains of functioning and the severity of the problems within these domains. These identified profiles could be applied in tailoring interventions such as integrated care interventions and should form part of the evaluation of these interventions.
Methods

Data source
For this study we performed a secondary data-analysis on The Older Person and Informal Caregiver Survey Minimum Dataset (TOPICS-MDS), a large data-sharing initiative in the Netherlands (for more information see [24] ). In 2008, the Dutch Ministry of Health, Welfare and Sports started the National Care for the Elderly Programme (NCEP) which aimed at reorganizing health and social care according to the needs of older people. Between 2008 and 2014 several implementation and research projects were carried out and funded by the NCEP. Within the NCEP, the TOPICS-MDS instrument was developed, a standardized instrument to study the effects of these projects on older people and their informal caregivers. The instrument was based on other validated instruments on morbidity, quality of life, functional limitations, mental health, social functioning and health service utilization. Researchers in all projects collected the data consistent with the TOPICS-MDS so a national, uniform dataset was created. The TOPICS-MDS currently contains pooled data from 54 research projects which differ across study design, sampling framework an inclusion criteria. TOPICS-MDS is a fully anonymized dataset available for public access, and therefore the analysis in this study is exempt from ethical review (Radboud University Medical Centre Ethical Committee review reference number: CMO: 2012/120) [24] . For our study, we selected the baseline data of the respondents aged 60 years and older (n = 43,704).
Measurements
Baseline measurements entailed: Self-reported health is assessed with two items from RAND-36. The first item allows older people to evaluate their own current general health in the following answer categories: excellent; very good; good; fair; poor. The second item is self-reported health compared to 1 year ago with five answer categories: much better; somewhat better; about the same; somewhat worse; much worse [25] . Cognitive functioning is measured by one item from EQ-5D + c focused on problems with memory, attention and thinking, and had three answer categories: no problems; some problems; extreme problems with memory, attention and thinking [26] . Social functioning is measured with one item on how often social activities are hampered by physical health or emotional problems. The possible answers are: none of the time, a little of the time, some of the time, most of the time, all of the time [25] . Mental health is measured on a five-item RAND-36 scale with items that question how often the respondents have felt nervous, calm and peaceful, down-hearted and blue, happy, or so down in the dumps that nothing could cheer them up. The scores range from 0 to 100 and a higher score implies better mental health [25] . Morbidity status is self-reported: participants could indicate their morbidities on a 17-item list of conditions (no/yes), such as heart failure, joint damage and hearing disorders [24] . The number of morbidities were summed and the score ranges from 0 to 17. Functional limitations are measured with the modified Katz-15 instrument that assesses the ability to perform 15 activities of daily living (ADL) and instrumental activities of daily living (IADL) (yes/no) such as getting dressed, shopping and taking medication [27, 28] . The number of activities that respondents cannot do is summed, ranging from 0 to 15 with a higher score indicating more functional limitations.
Frailty index is calculated from 45 health deficits in the TOPICS-MDS [29] , including the before mentioned self-reported health, cognitive functioning, social functioning, mental health, functional limitations and the five items of the EQ-5D [26] . The number of health problems of the older person is divided by the total number of 45 health problems; the score ranges from 0 to 1 with a higher score indicating a higher level of frailty [29, 30] .
Demographic variables: gender, living arrangement (independent; in residential care or nursing home), marital status (married or cohabiting; widowed or single), ethnicity (native Dutch; first/second generation migrant), educational level (primary school or less; practical/secondary vocational training; some college/university degree) and age.
Methods of analysis
The analyses were done in five steps combining quantitative and qualitative methods. First, we described the total sample, giving frequencies and percentages for the categorical variables and mean, standard deviations and range for the continuous variables (Table 1) .
Second, we did latent class analysis (LCA) to identify subpopulations within a larger population of older people. LCA is a person-centred approach to identify unobserved groups of similar individuals (latent classes) based on observed variables. The aim of LCA is to find the best class solution; meaning the smallest number of latent classes describing the associations among a set of observed variables [31] . The observed variables we used in the LCA were self-reported health, social functioning and cognitive functioning as categorical variables and morbidity status, mental health, functional limitations as continuous variables. To avoid local likelihood maxima and inaccurate parameter estimates, we used 1000 multiple start values and 100 iterations [32] . For each class solution, we present the Akaike Information Criteria (AIC), Bayesian Information Criteria (BIC) and adjusted BIC (aBIC) which combine goodness of fit and parsimony [33] . We based the number of classes on the adjusted Lo-Mendell-Rubin likelihood test (bootstrap). The quality of the classification was determined by the entropy measure [34] . The various class solutions and model fit are presented in Additional file 1: Table S1 . We used the Mplus 7.4 program. We based the final number of classes on the highest entropy score as it indicates the best quality classification. Third, we described the final class solution according to the observed variables self-reported health, social functioning, cognitive functioning, morbidity status, mental health and functional limitations to identify the differences between them (see Table 2 and Additional file 2: Table S2 ).
Fourth, we assessed the quality of the LCA classification with a focus group of older people (see Additional file 3 for the focus group protocol). In LCA, the value of the classes should also be interpreted qualitatively. The focus group participants were members of the Elderly Forum of the Geriatric Network Rotterdam, one of the eight regional networks in the NCEP. All 15 members of the Elderly Forum were invited to the focus group and eight (five males and three females) were able to attend. Besides the textual presentation, the final profiles were also presented together to provide a clear, visual overview. To validate the profiles, we asked the participants whether they recognized the profiles and if (how much) they could relate to them. In addition, we asked them to state which specific domain contributed the most to frailty in each of the profiles and invited them to rank the profiles from least to most frail. The focus group discussions were recorded and transcribed verbatim. We began the analysis by carefully rereading the transcript of the focus group several times and subsequently applied a data-driven approach to our thematic analysis per profile. We were looking for the interpretation of each of the profiles to understand the similarities and differences between the perceptions of the eight participants. Focus group quotes are presented with reference to respondents 1-8.
Fifth, we used the input of the focus group participants for additional (quantitative) analysis and further explored the class division quantitatively by looking into the distribution of demographic background variables (gender, living arrangement, marital status, ethnicity, educational level and age). We tested the relation between profiles and demographic variables and between the profiles and the frailty index with multinomial regression analysis (see Table 3 ). And we determined the scores of the frailty index, distribution of morbidities and functional limitations across the six subpopulations (see Tables 2, 4 
and 5).
The Results section presents the first and second steps of the analysis separately. The results of the third, fourth and fifth steps are combined and reported by profile. Table 1 presents the sample characteristics. The total study population consisted of 43,704 older people, mostly female (59.6%) and with a mean (SD) age of 78.7 (7.1) years. Of the older people, 90% lived independently and half (49.8%) were married or cohabiting. The majority of the study population (60.2%) had a middle Table 2 Six profiles of frail older people NB: The darker the colour, the more severe the problems in the domain 1 Frailty index, higher scores represent higher level of frailty educational level (practical or secondary vocational training) and 90% was native Dutch. Health was perceived mostly as good or fair and 12% stated that their health was very good or excellent. Half of the population (54.1%) stated that their health was stable and a quarter indicated that it was somewhat worse compared to a year ago. Most of the study population (66.4%) had no problems with cognitive functioning, 27.8% had some problems and 2% had serious problems. Social activities were never hampered for 46%, whereas they were always hampered for 7.5%. On a scale from 0 to 100, the mean (SD) score on mental health was 73.7 (18.2). The older 
Results
Six profiles of frail older people
Latent class analysis with various class solutions identified six subpopulations within the population of older people. Additional file 1, Table S1 presents the model fit statistics of the various class solutions. In these different class solutions, two to three relatively big classes remained stable and the other classes became increasingly dispersed. In the eight-class solution, for example, two classes accounted for 50% of the study population and the remaining six classes were relatively small. We chose the six-class solution, based on the highest entropy score (0. 81) which indicated the best quality classification. Profile A ('relatively healthy') fundamentally differs from the other five profiles. Older people in this profile were relatively healthy; they indicated having good (mental) health and had very few problems across all the domains. They were not co-morbid; on average, they generally reported fewer than two morbidities and almost no functional limitations. When a functional limitation was reported, this was mostly related to household activities. The clear distinction between the relatively healthy and the other profiles is also demonstrated by differences in the background characteristics. The relatively healthy respondents are more likely to be male, younger, live independently and be married than the respondents in the other five profiles. Older people in the focus group clearly identified them as the least frail of the six profiles, "They are not frail compared to the rest, of course" (respondent 8). This is also confirmed by their mean score on the frailty index (0.10).
Profile B ('mild physically frail') features suffering from mild problems in the physical domain, and the focus group reinforced this characterization: "They need a lot of help. Needing help with four to five activities is quite a lot" (respondent 5). This profile reflected an initial loss of independence, particularly with regard to IADL activities. Almost all individuals required help in the household, and the vast majority needed help with travelling and shopping. Most still lived independently at home, but typically had no partner to help them with these activities. Moreover, mild physically frail people had multi-morbidity; joint damage and hearing problems were reported most frequently in this profile. Despite their functional limitations, their self-reported health and mental health were considerably good, underscoring the definition as "mild problems". One focus group participant described the older people in this profile as follows: "The limitations are simply because of their age. But they're not bothered by them and just go their own way" (respondent 4).
The types of problems in profile C ('psychologically frail') were rather different from the mild physically frail profile. Their reported health and mental health were relatively poor and social functioning was worse than in the relative healthy, mild and severe physically frail profiles. However, this profile reported only sporadic functional limitations; mostly related to problems in the household. Participants in the focus group still agreed that, despite their independence, the psychologically frail profile was rather frail. Their problems could partly be explained by their psychological condition, a relatively high percentage of people reported anxiety disorders and depression. However, the focus group also attributed the problems of this profile to their coping behaviour: "They treat every (minor) inconvenience as a major limitation or severe disease" (respondent 4). The participants of the focus group perceived the psychologically frail profile more frail than the mild physically frail profile. "People in this group are sensitive and will interpret things negatively which could lead to a self-fulfilling prophecy" (respondent 5). However, the mean score on the frailty index of this profile was lower than of the mild physically frail (0.22 respectively 0.26). Profile D ('severe physically frail') was comparable to mild physically frail profile but here the physical problems were more severe and problems also expanded across other domains. On average, they had eight functional limitations, twice as many as found in the mild physically frail profile. Almost all people in the severe physically frail profile were hampered in IADL, such as taking care of the home, shopping and travelling. They needed considerably less help with the less physical IADL activities such as taking medication and handling finances. Older people in this profile also began encountering problems with ADL activities. For example, 80% said they needed help with showering. In this oldest profile, initial problems with cognitive and social functioning were prevalent. Despite their advanced age and severe limitations, they regarded their health as quite good. The mean score on the frailty index within was fairly high with 0.40. One focus group participant stated that the situation was delicate, "The moment anything goes wrong, they are in deep trouble but they're not experiencing this yet" (respondent 7). The focus group agreed that people in the severe physically frail profile might be in denial of their frailty: "Their perception is positive even though the situation is serious" (respondent 5).
In the preceding four profiles, problems were mostly limited to one domain. However, in profile E ('medically frail') people accumulated problems in three domainsthe physical, psychological and social -that seemed to be originated in their morbidities. People in this group mostly experienced fair or poor health in combination with a deterioration in their health compared to a year ago. Their social activities were frequently hampered by their physical condition and/or emotional problems.
They experienced the worst mental health and the most morbidities of all profiles. These morbidities were psychological conditions such as depression and anxiety disorders but also physical conditions such as joint damage, dizziness with falling and heart failure. The score on the frailty index was similar to the severe physically frail profile. The older people in the focus group agreed that the older people in the medically frail profile were more frail. One of the focus group participants imagined that people with these kinds of morbidities "have physical problems that hamper them, for example in social activities, in particular compared to before" (respondent 4).
As for profile F ('multi-frail'), in addition to problems in the physical, psychological and social domains, here people also had cognitive problems. They had the highest score on the frailty index (0.55) and also the focus group also characterized the multi-frail profile as the most frail, especially because of the cognitive problems combined with severe functional limitations. In the multi-frail profile, people had moderate to extreme cognitive problems and reported the highest percentage of dementia. On average, people in this profile needed help with 12 activities. The focus group described this state as "totally dependent" (respondent 1) and "needing help from morning to night" (respondent 8). They need help with almost all IADL and most ADL activities and almost half needed help with eating. Focus group participants felt that these older people should be institutionalized. Still, half of multi-frail profile lived independently, most often without a partner. Social functioning was hampered most frequently in this profile: "When you have these kinds of cognitive problems, I can image that you won't undertake things yourself. I have 21 years of experience of dealing with my wife's dementia. They don't take the initiative, they become withdrawn" (respondent 6). The reported mental health in this profile was remarkable. As one respondent observed: "They still feel relatively good" (respondent 3). Another explained: "They're not hampered by a sense of reality because of their cognitive problems" (respondent 5).
Discussion
Frailty is widely acknowledged to explain variations in health risks and is frequently used to select older people for care interventions. Yet, clearly, frailty is not binary but rather a heterogeneous identity. While the distinctions between the physical, psychological and social domain begin to distinguish the complexity of frailty, they do not fully capture the multifaceted concept of frailty. This research demonstrates that in fact six frailty profiles can be distinguished.
Our results show that 'the' frail older person does not exist. Frail older people are indeed a heterogeneous population, as is shown by our relatively high number of six profiles. Previous research on profiles on chronic conditions, general health status or physical frailty distinguished at most four profiles [14, [21] [22] [23] 35] . The relatively healthy profile remained a constant group in the different class solutions of our latent class analysis. Correspondingly, this relatively healthy group also emerged in previous research on subpopulations of older people [14, 22, 35] and it could be discussed whether the older people in this profile could be labelled as being frail. However, the remaining 'relatively unhealthy' (or frail) older people were divided into several smaller classes for which the six-class solution ultimately fitted the data best. The differences between the six profiles are substantial. Older people in the relative healthy profile have less than one functional limitation compared to the average of 12 functional limitations in the multi-frail profile. By including this full range of domains of functioning and the severity of the problems, our results enhance previous findings on frailty profiles. Our results showed that the physical domain is important [14, 22, 23] with two profiles of whom the severity of their problems clearly differed. Moreover, we found a separate profile for psychological frailty in contrast to other studies [35] .
Our results showed specific patterns of underlying problems in different domains which confirm the complexity of frailty. The conventional distinction between the physical, psychological and social domains of frailty or determining the degree of frailty with frailty indexes barely do justice to this constellation of problems. Despite their comparable frailty index scores, older people in the mild physically frail and psychologically frail profiles experience rather contrasting problems. Also the severe physically and medically frail profiles had similar scores on the frailty index but the underlying problems clearly differed. In the severe physically frail profile the problems mostly originated in the physical domain whereas people in the medically frail profile suffer from a combination of problems in the physical, psychological and social domains. In the multi-frail profile the constellation also extended to the cognitive domain of functioning. Unlike problems in the physical and psychological domains, problems in the social domain did not emerge in a separate subpopulation. Social frailty seems related to problems in the other domains, for example to morbidities or functional limitations but the direction of the relation between health and social functioning still remains unclear [36] . Our study provides valuable insights in the complex interaction of problems of frail older people.
Underlying problems in the different domains may not contribute equally to the degree of frailty. Focus group participants carefully weighed the problems in all domains and were well able to rank the six profiles from least to most frail. This ranking did not correspond with the scores on the frailty index. For the focus group, frailty was synonymous with losing independence and respondents clearly perceived multi-frail profile as the most frail because of the cognitive problems and functional limitations which made people in this group extremely dependent. While considering the frailty profile rankings, the focus group weighed off the assets and deficits. Not all domains were deficits according to them; they could also be assets that help people cope with their problems. The (mis)balance between assets and deficits resulted in frailty (see also [3, 37] ). The focus group clearly mentioned this in relation to the difference between the mild physically frail and psychologically frail profiles. Although the mild physically frail profile had four times more functional limitations than the psychologically frail, the latter was still perceived as more frail because people in this group had a limited capacity to cope with ageing and deterioration of their health.
Finally, our study challenges the relevance of demographic variables in the conceptualization of frailty. Age is too restricted a factor to predict health status, as previous research has confirmed [4, 5, 7] . Also, the relation of frailty to other demographic variables such as gender, marital status, ethnicity and educational level is limited. Only living arrangement related moderately to the frailty subpopulations but it could be considered an outcome of frailty rather than an antecedent.
Strengths and limitations
The main strength of this study is its strong empirical base for frailty profiles. We were able to use data from TOPICS-MDS, a large data-sharing initiative that contains data on older people from all around the Netherlands. The large sample, combined with considerations of several domains of functioning makes the current research valuable. The quantitative results were complemented with a qualitative approach, which also adds value. The focus group enabled us to further validate the profiles and to understand the older person's perspective on frailty.
The first limitation is that even though the 54 TOPICS-MDS projects generally focused on older people at risk or frail older people, their sampling frame and inclusion criteria substantially differed. Older people were included based on functional limitations or were screened frailty instruments questionnaires such as Groningen Frailty Indicator, whereas other projects adopted an age criterion. Our study included all 54 projects and our only selection criterion was age; people 60 years and older were included. As the focus group also indicated, there is still disagreement on what is regarded as 'old' and 60 years might be relatively young. The literature recommends including people of 70 years and older for frailty interventions [38] but a systematic search of the literature revealed that different age criteria are adopted [18] . We decided to include everyone 60 years and older in order to also include older people with a migrant background in whom ageing begins at a younger age and who often experience worse physical and emotional health than people born in the Netherlands [39] . We expect that the relatively young sample may not have influenced our results since the effect of age on the frailty profiles was negligible. Including all people of 60 years and older might have also resulted in the rather large group of older people in the relatively healthy profile and it remains unclear whether these older people could actually be considered as being frail. They were not perceived as frail according to the participants of the focus group and their score on the frailty index was also below the general cut-off point of 0.20 [30] . Nevertheless, some older people in this relatively healthy profile were identified as being frail by the Groningen Frailty Indicator.
The second limitation was the formulation of the social functioning item that might possible have affected our results. The item was phrased as: "During the past four weeks, to what extent has your physical health or emotional problems interfered with your normal social activities with family, friends, neighbours, or groups (like visiting friends or close relatives)?" This phrasing related social functioning directly to both physical and psychological functioning and might have contributed to the absence of a separate social frailty profile.
Recommendations
The most important implication of our study is that we should take the heterogeneity of frailty into consideration in research, policy and practice. Future research should endeavour to further validate our six profiles. The focus group with older people was a good starting point but the profiles could also be validated by professionals and policy makers. Our identification effort should also be replicated on other databases of frail older people and with other measurement instruments, for example for social functioning. Testing the validity of these profiles would also involve examining frailty trajectories. In other words, our cross-sectional latent class analysis could be complemented with a latent transition analysis [34] which could account for the dynamic and progressive character of frailty [9] . In this regard, it would be beneficial to explore whether mild physically frail profile eventually transfer to the severe physically frail profile or how the trajectory of relatively healthy people progresses.
Our research also has implications for selecting the appropriate target groups for care interventions. The psycho-social domains of frailty are deemed important and focusing on the physical domain of frailty and functional limitations by professionals, researchers and policy makers could be too restricted. Our research showed that a relatively large group suffers from problems in the psychological domain without having problems in the physical domains in terms of functional limitations. It is important to target this profile for care interventions. Instruments with a broad perspective including the psycho-social domains such as frailty indexes [16, 30] and the Groningen Frailty Indicator [40] sum the total numbers of health problems which implies that they do not differentiate between the types of underlying problems or weigh the different domains. Older people with the same score on the frailty index or Groningen Frailty Indicator could have different underlying problems and frailty profiles [17] . The severe physically frail had a similar frailty index as the medically frail but their psychological and social functioning was not hampered. The medically frail profile showed that their problems related to morbidities extended to severe problems in the psychological and social domains. These problems should be also be acknowledged by health care professionals who are originally trained to have a diseasespecific approach (Lette et al., 2015) . In other words, the balance between deficits and assets in relation to frailty should be further explored in practice, policy and research. Assets could be coping style, resilience [41] or resources such as older people's social network [3] , which should be considered in the conceptualization and measurement of frailty.
Lastly, the six frailty profiles could be used to develop tailor-made care interventions for each profile rather than producing one-size-fits-all care. The heterogeneity of frailty should be incorporated in the evaluation of these interventions. Currently, traditional evaluation research is not acknowledging this heterogeneity in, for example, integrated care, which is misaligned with its goal to provide person-centred care with a holistic view of the individual [42] . So far, the effects of integrated care on health outcomes is limited [18] . Concurrently, the more heterogeneous a population is, the harder it is to achieve effectiveness [38, 43] . A possible explanation for the limited effectiveness of integrated care could be that the care professionals involved -and particularly researchers conducting the evaluation research -generally perceive frail older people as a homogeneous group. Evaluation research on integrated care could be replicated by incorporating the frailty profiles to gain deeper insight into the effectiveness of integrated care interventions. It would be beneficial to explore whether integrated is (more) effective on specific outcomes for each of the six profiles separately. Future research should explore, for example, whether integrated care is more effective in terms of mental health for the psychological frail than for the mild physical profile.
